Homogeneous observations and careful analysis of transit light curves can lead to the identification of transit timing variations (TTVs). TrES-2 is one of few exoplanets, which offer the matchless possibility to combine long-term ground-based observations with continuous satellite data. Our research aimed at the search for TTVs that would be indicative of perturbations from additional bodies in the system. We also wanted to refine the system parameters and the orbital elements. We obtained 44 ground-based light curves of 31 individual transit events of TrES-2. Eight 0.2 -2.2-m telescopes located at six observatories in Germany, Poland and Spain were used. In addition, we analysed 18 quarters (Q0-Q17) of observational data from NASA's space telescope Kepler including 435 individual transit events and 11 publicly available ground-based light curves. Assuming different limb darkening (LD) laws we performed an analysis for all light curves and redetermined the parameters of the system. We also carried out a joint analysis of the ground-and space-based data. The long observation period of seven years (2007)(2008)(2009)(2010)(2011)(2012)(2013) allowed a very precise redetermination of the transit ephemeris. For a total of 490 transit light curves of TrES-2, the time of transit midpoint was determined. The transit times support neither variations on long time-scale nor on short time-scales. The nearly continuous observations of Kepler show no statistically significant increase or decrease in the orbital inclination i and the transit duration D. Only the transit depth shows a slight increase which could be an indication of an increasing stellar activity. In general, system parameters obtained by us were found to be in agreement with previous studies but are the most precise values to date.
INTRODUCTION
A transit of TrES-2 was first observed in the summer of 2005 and published by O'Donovan et al. (2006) . With a period of ∼ 2.47 d, TrES-2 is a hot Jupiter which shows a strong grazing eclipse. To determine the stellar and planetary properties of the TrES-2 system (see Table 1 ) photometric and spectroscopic follow-up observations were done by Holman et al. (2007) , Sozzetti et al. (2007) , and Ammler-von Eiff et al. (2009) . Winn et al. (2008) measured the Rossiter-McLaughlin effect and found a good alignment of the stellar spin and the planetary orbit which implies that TrES-2 orbits on a prograde orbit around its host star. TrES-2 is in the field of view of the Kepler space telescope, making it one of the photometrically best studied transiting exoplanets. There have been controversial discussions about TrES-2. Mislis & Schmitt (2009) analysed two observed transits together with the three transits given in Holman et al. (2007) and argued that the transit duration has shortened since 2006 by about ∼ 3.16 min, indicating a decrease of the orbital inclination. Rabus et al. (2009) do not confirm this trend from the observation of five transits over a period of two years. New observations of two transit events by Mislis et al. (2010) showed again a decrease of the inclination. But the analysis of one additional transit by Scuderi et al. (2010) showed only a non-significant change of the inclination. In Raetz et al. (2011) we also could not find any evidence for Transit Duration Variation. Additional nine transits of the NASA EPOXI mission of Christiansen et al. (2011) weakened the claims of the decreasing inclination further. The analysis of data from the Kepler space telescope by Gilliland et al. (2010) and Kipping & Bakos (2011) (quarters 0 and 1) finally ruled out a change of the inclination as a function of time on the level predicted by Mislis & Schmitt (2009) . However, by modelling the transits of four observation quarters of Kepler Schröter et al. (2012) found a marginally significant positive slope of ∆i = (8 ± 2) × 10 −5
• per cycle which could be a hint for systematic variations. Daemgen et al. (2009) detected a companion candidate with a projected separation of 1.089 ± 0.009 arcsec to the TrES-2 host star in high-resolution images obtained with the AstraLux Lucky Imaging camera of the Calar Alto Observatory. The companion candidate exhibits a magnitude difference in the z ′ band of 3.43 mag with respect to the TrES-2 host star. Although it was proven by detailed blend analysis that the TrES-2 host star is the source of the transit signal (O'Donovan et al. 2006) , the companion candidate contaminates the photometric data, which leads to systematic errors in the light curve analysis. Since the published transit data were carried out with instruments that are not able to resolve the companion candidate, all light curves are contaminated by the so-called third light. Bergfors et al. (2013) reobserved the companion candidate to do a common proper motion analysis. Since the proper motion of the TrES-2 host star is too small for this purpose it is still unclear if the companion candidate is gravitationally bound. The primary and also the secondary transit are well meaof Technology, under contract with the National Aeronautics and Space Administration under the Exoplanet Exploration Program. † E-mail:sraetz@cosmos.esa.int Sozzetti et al. (2007) sured in different wavelength ranges. The observations in the infrared with Spitzer (O'Donovan et al. 2010) , in the nearinfrared with ground-based telescopes (Croll et al. 2010) and in the optical domain with Kepler (Kipping & Bakos 2011; Kipping & Spiegel 2011) , yielded the albedo and hence provide constraints on the surface of the planet such as the dayside brightness temperature, the efficiency of dayside to nightside redistribution of heat, the atmospheric temperature structure (including a putative thermal inversion), the optical opacity but also the chemical composition of its atmosphere. We observed TrES-2 at the University Observatory Jena since 2007. The analysis of 10 transits has already been published in Raetz et al. (2009) , and of additional 12 transits in Raetz et al. (2011) . In this paper we describe the analysis of these 22 and additional nine transits that were observed between fall 2010 and spring 2013 at four different observatories. Furthermore, additional 435 transits from 18 quarters of Kepler data were analysed in the same manner. The results yield refined system parameters and provide new limits on possible variations of them and the transit timing. This paper is structured as follows. In §2 we describe the observation, data reduction and photometry for our groundbased transit data. In §3 we explain the fitting and analysis of the light curves. §4 deals with the analysis of the spacebased data including the determination of very precise system parameters and the investigation of the effect of limb darkening (LD). In §5 we discuss a putative variation of the system parameters. Our results for the analysis of the transit timing are presented in §6 and finally, in §7, we conclude.
OBSERVATION, DATA REDUCTION AND PHOTOMETRY
In addition to our previously published observations (Raetz et al. 2009 , 2011), we measured nine transits at four observatories between 2010 September and 2013 April. Al-together we collected 44 (30 complete and 14 partial) light curves of 31 individual transit events. We used eight 0.20 -2.2-m telescopes located at six observatories in Germany, Poland and Spain. The participating observatories with their telescopes and instruments are summarized in Table 2 . A summary of all observations is given in Table 3 . The data reduction and photometry were performed uniformly for all observations. The photometric data were reduced following standard procedures including substraction of bias (as overscan, only if available) and dark, and division of a sky flat-field. We calibrated the CCD images using the IRAF 1 routines darkcombine, flatcombine and ccdproc. Aperture photometry was performed with a dedicated IRAF task chphot which is based on the standard IRAF routine phot but allows us to do a simultaneous photometry of all field stars in a single image. The position of each star on every image was determined using ECLIPSE Jitter (Devillard 1997) . Differential magnitudes were calculated using the method of the optimized artificial comparison star developed by Broeg et al. (2005) . The algorithm uses as many stars as possible (all available field stars) and calculates an artificial comparison star by weighting the stars according to their magnitude errors and variability. The final light curve is produced by comparison of the TrES-2 host star with this artificial standard star. For the photometry 10 different aperture radii were tested while the annulus for sky subtraction was kept fixed (in our previous publications Raetz et al. 2009 Raetz et al. , 2011 , we only used one fixed aperture radius therefore a re-analysis was necessary.). The aperture that produced light curves with the best precision i.e. the lowest data point scatter was finally chosen. We also tested a varying annulus for sky subtraction (different starting radius and width) while the aperture were kept fixed and the optimized artificial comparison star were calculated out of the same stars. Since the aperture and the artificial comparison star are optimized for a certain annulus no better precision could be achieved during this test. But also the calculation of a new artificial comparison star optimized for a different annulus yielded no better results. Thus fixing the annulus for sky subtraction with a subsequent optimization of aperture radius and artificial comparison star seems reasonable in our case.
University Observatory Jena photometry
We observed TrES-2 for a total of 27 nights at the University Observatory Jena from 2007 March to 2012 June. Because of simultaneous observations with up to three telescopes (60 cm Schmidt, 25 cm Cassegrain and 20 cm refractor on the same mount) we collected 36 light curves. Due to weather conditions and technical problems in some of the nights the data quality varies. Only 19 of these 27 transit epochs are fully covered. The remaining transits could be observed only partially or show gaps in the data due to passing clouds. Observations were performed in Bessell V , R or I filters (Bessell 1990 ). The exposure times varied from 15 s to 50 s with the 60 cm Schmidt telescope, from 60 s to 200 s with the 25 cm Cassegrain telescope and from 80 s to 300 s with the 20 cm refractor, depending on weather conditions, airmass, and telescope focusing.
Additional photometry
As already described in Raetz et al. (2009) we obtained two transit observations at the Wendelstein Observatory and one additional amateur observation from 2007 July to September. We re-analysed these observations. From 2009 August to 2011 August we collected another four light curves from three observatories. Parameters of the observatories can be found in Table 2 and are explained in detail in the following sections. The data were reduced and analysed in the same way as described above.
Amateur observations
Two complete transit light curves (2009 August 15th and 2009 August 30th) were obtained with an 8-inch Schmidt-Cassegrain telescope (f/D = 10) located in HergesHallenberg, Germany. With a G2-1600 CCD camera from Moravian Instruments Inc. with 1536 × 1024 pixels and a pixel scale of 1.88 arcsec per pixel, we could observe a field of view of 48 × 32 arcmin 2 . The exposure times of the whitelight observations (without filter) were 120 s.
Michael Adrian Observatory
The Trebur 1-m telescope (T1T) at the Michael Adrian Observatory in Trebur, Germany, was used to observe one complete transit on 2010 October 24th. The 1.2-m Cassegrain telescope is equipped with a SBIG STL6303 CCD camera. The 1536 × 1024 pixels with a pixel scale of 0.4 ′′ /pixel in 2 × 2 binning mode correspond to a field of view of 10.2 × 6.8 arcmin 2 . The Bessell R band observations with an exposure time of 15 s were done under excellent weather conditions.
Calar Alto 2.2-m telescope
On 2011 August 9th one transit of TrES-2 was observed as back-up of project H11-2.2-011 on the Calar Alto 2.2-m telescope. For the observations we used the Calar Alto Faint Object Spectrograph (CAFOS) in imaging mode and 2 × 2 binning. We windowed the field of view to 7.5×4.5 arcmin 2 to shorten the read-out time. The instrument was heavily defocused (PSF of stars showed 'donut'-like structure) to allow for an exposure time of 30 s. Observations were performed in the Cousins R band.
Toruń Centre for Astronomy
The 0.6-m Cassegrain telescope at the Centre for Astronomy of the Nicolaus Copernicus University in Toruń (Poland) was used to observe a transit on 2013 March 05. A 1024 × 1024-pixel SBIG STL-1001E CCD camera was used as a detector, giving a field of view of 11.8 × 11.8 arcmin 2 with a Roth (1990) , d Meisenheimer (1994) scale of 0.69 arcsec per pixel. Observations were carried out without any filter to increase the instrument efficiency. We applied a 2 × 2 binning mode to shorten the readout time. The telescope was guided manually to keep star positions on the CCD matrix within several pixels. The exposure time was 10 s (12 s for a few images at the beginning of the run). Observations began 10 min before the expected start of the transit, and continued an hour after the end of the event. The sky was clear during the run.
LIGHT CURVE ANALYSIS
For the calculation of a synthetic light curve we used the JK-TEBOP code (version 25) (Southworth et al. 2004a,b) which is based on the EBOP program (Etzel 1981; Popper & Etzel 1981) but was heavily modified (optimization algorithm, improved treatment of LD, and extensive error analysis techniques) by Southworth. In this code both components of a transit system are modelled as biaxial ellipsoids. The overall brightness as a function of the orbital period is calculated by numerical integration of concentric annuli over the surface of each body. The advantage of JKTEBOP is that a small and spherical planet approximation which is usually used (e.g. Mandel & Agol 2002) can be avoided. A model is fitted to the data by the Levenberg-Marquardt least-squares procedure. The main parameters are the orbital period P , the midtransit time Tc, the orbital inclination i and the radii of star and planet expressed in relation to the semi-major axis a:
where RA, R b correspond to the absolute radii of star and planet, respectively. Southworth (2008) showed that there is a very strong correlation between rA and r b . Therefore, instead of fitting rA and r b directly, JKTEBOP uses parameter combinations such as the sum of the fractional radii (rA + r b ) and the radius ratio k = r b r A , since their correlations are significantly weaker (see Fig. 1 upper two plots) . Each light curve was modelled individually. The initial values of the parameters used for the light curve analysis are given in Table 4 and were calculated from the literature values in Table 1 . The light curves were detrended by fitting 
83.62 ± 0.14
a second-order polynomial with JKTEBOP simultaneously to the modelling. Since the quality of the observed light curves is very different, some parameters had to be fixed to the initial values in cases of light curves with very low S/N, or partial transits, otherwise unphysical results were generated. The parameters that were fixed for each light curve are given in Table 7 . To detect possible transit time variations, the mid-transit time Tc was always a free parameter, whose initial value was calculated using the ephemeris of Raetz et al. (2009) .
To test different LD laws we modelled every light curve with a quadratic, logarithmic, and square-root law. The theoretical LD coefficients were bilinearly interpolated from the tables by Claret (2000) and Sing (2010) using the stellar parameters in Table 1 and are given in Table 5 . Since the LD coefficients can only be determined on transit observations with a very high S/N, we fixed the values to the ones from literature (Table 5 ). To include the contribution of the LD coefficients to the error budget they were perturbed by ±0.1 around the theoretical values assuming a flat distribution. As Southworth (2008) showed, strong correlations can be seen between the two LD coefficients for all three laws which is expected in respect to the quality of the groundbased light curves. One example is given in Fig. 1 for the square-root law. Parameters rA and r b show no significant correlation to the LD coefficients (see Fig. 1 lower two panels) meaning that their values have very little effect on the light curve modelling. Selection criterion for the LD law was the standard deviation σ of the residuals of the individual fits. The LD law that produced the lowest σ was chosen for the final parameter determination (the chosen LD law for each light curve is Raetz et al. (2009) b for a description see Table 2 c average cadence for the final binned light curve given in Table 7 ). One example is given in Table 6 . To test our method, first we fixed both LD coefficients to the theoretical values, then only the nonlinear LD coefficient were kept fixed and finally both coefficients were allowed to vary. A comparison of the results of the different approaches in Table 6 confirms the conclusions of Southworth (2008) . If both LD coefficients were kept fixed, the smallest errors are obtained. Fixing only one of the coefficients can produce unphysical results even with a light curve with relatively high quality. If both coefficients are allowed to vary, unrealistic results with very large errors are obtained. Within the error bars the mid-transit time is consistent in each of the nine scenarios in Table 6 . For the light curve from 2009 August 15 the quadratic LD law produces the lowest σ. Therefore the first column of Table 6 represents the final results for this transit. In general, the achieved precision is not sufficient to distinguish between the LD laws, as σ only varies in the second or third decimal place. Nevertheless, we considered the synthetic light curve which produces the residuals with the smallest σ to be the best fit to the observed data. The choice of the LD law does not influence the mid-transit times. The resulting transit times Tc are consistent within the error bars as shown in Table 6 . Tc is not correlated with rA + r b , k, i, or the LD coefficients as shown in Fig. 1 . To check how the system parameters evolve with the time of mid-transit under different LD laws we did multiple light curve modelling with fixed value of Tc while the other parameters could vary freely. We used 70 values ±9 min around Tc. The result is shown in Fig. 2 . The evolution of the er- ror bars is given in Fig. 3 . The best fitting values for the parameters are always the extreme points (maximum for i and minimum for rA + r b , k) in the diagram at the time Tc. These values also have the smallest uncertainties. Although the scatter is smaller for the quadratic LD law (example for i: quadratic LD -σ = 1.57
• , logarithmic LD -σ = 1.64
• , square-root LD -σ = 1.65
• ), within the error bars all three LD laws are indistinguishable. To determine parameter errors we applied two different Table 5 . Theoretical LD coefficients for TrES-2 from the tables by Claret (2000) and Sing (2010) methods for each light curve. To calculate random errors of light curves with Gaussian noise we ran 1000 Monte Carlo simulations. However, light curves obtained from groundbased telescopes are affected by systematic effects which produce noise on time-scales similar to the duration of the transit (Pont et al. 2006 ). This so-called 'red noise' leads to a correlation between adjacent data points. To account for 'red noise' we used a residual permutations algorithm ('prayer bead', Jenkins et al. 2002) which is implemented in JKTEBOP (Southworth et al. 2005 ). In the case of light curves with systematic effects the Monte Carlo errors were found to be 2-3 times smaller than the values returned by the prayer bead method. Thus, for light curves with "red noise" we used the prayer bead errors as the final ones. In cases where the errors of both methods are comparable we used the Monte Carlo errors. This treatment leads to an estimation of robust and realistic error bars. Our final light curves are are given at the end of this paper where the solid line gives the best fitting theoretical light curve. The results of the fitting of the individual light curves are given in Table 7 . In our first observations of a transit of TrES-2 (Raetz et al. 2009 ) we could detect a brightness drop ('dip') ∼ 1-2 h after the end of the transit which was also seen in one light curve of O'Donovan et al. (2006) . We tried to explain its existence with five different theories: a nearby variable star or a blended eclipsing binary, an additional planet in the system, a transit over a background star, a transit over a wide companion of the TrES-2 host star after the actual transit is finished or a photometric false alarm. In none of our observed light curve we could find evidence for a reoccurrence of the 'dip'.
Blending
In Raetz et al. (2009) we already dealt with a faint object close to the TrES-2 host star. Because this object has a projected separation of only ∼ 10.3 arcsec at epoch 2009.7 to the TrES-2 host star we could not resolve both stars independently with our instruments under decent seeing conditions. In addition, Daemgen et al. (2009) detected a very nearby companion candidate (projected separation 1.089 ± 0.009 arcsec) with a spectral type of K4.5-K6. Both objects lie within the aperture, which means that the additional light ("third" light) contaminates the photometry. Simulations by Southworth (2010) showed that the existence of third light causes an overestimation of rA and an underestimation of r b and i. If the contribution of the third light (L3) is not considered, systematic errors in the system pa- rameters will arise without changing the quality of the fit. The visual companion detected by Daemgen et al. (2009) is about 30 times fainter than the TrES-2 host star. Kipping & Bakos (2011) were the first who considered the effect of the additional light. Also, Southworth (2011) and Schröter et al. (2012) include the third light in their analysis of the Kepler light curves. None of these authors mentioned the faint object shown by Raetz et al. (2009) . An estimate of the brightness of this object, however, shows that the difference in brightness is ∼ 6 mag and thus about 250 times fainter than the TrES-2 host star. The contribution of the additional light is about one order of magnitude less than that of the object detected by Daemgen et al. (2009) and thus negligible. In general, the precision of our ground-based observations of TrES-2 is not sufficient to determine the system parameters with very high accuracy. Since the difference in the system parameters with and without the third light is within our error bars we neglected its contribution. But for the analysis of the high precision Kepler light curves (see Section 4) we of course included the contribution of the additional light, Table 4 that were fixed in the analysis but permuted by ± 0.1 on a flat distribution to include their contribution to the error budget. The LD coefficients were always kept fixed on the theoretical values in http://exoplanetarchive.ipac.caltech.edu/) which provides fully reduced photometric time series. The used light curves were generated with the 'Kepler Data Processing Pipeline' which includes the reduction, calibration and photometry, as well as the barycentric correction and the detection of systematic effects Fanelli et al. 2011) . We downloaded the fully processed ('Presearch Data Conditioning Simple Aperture Photometry', PDCSAP) data, in which systematic errors are already corrected ). The Kepler light curves cover an observation period from 2009 May 2 to 2013 May 11 and included a total of 435 transits (see Table 8 ). TrES-2 was observed in short cadence mode. With a sampling of 58.85 s covering 1471 d ∼ 1,570,950 data points were collected. During Q4 the CCD chip on which the TrES-2 was observed failed (Van Cleve et al. 2010 ). Since Kepler is rotated by 90
• each quarter and thus TrES-2 falls on another chip, it could be observed again from Q5. In consequence of this failure Kepler cannot collect data for TrES-2 in every fourth quarter (i.e. no data in Q8, Q12, and Q16). For the analysis of the Kepler data we approximated the best-fitting model with JKTEBOP for each of the 435 individual transits. We again used Table 4 for the initial values of the fit parameters. All parameters were set free except of the LD coefficients (see Section 4.3) and the contribution of the third light which was fixed to the value of Southworth (2011) . We derived the errors by running 1000 Monte Carlo simulations. A confidence range of a given parameter within 68.3% (1 σ) was taken as its error estimate.
Comparison of JKTEBOP and TAP
Throughout this work the light curves were analysed with JKTEBOP which estimates the uncertainties either with a simple Monte Carlo simulation or the prayer bead method. An alternative method is to use Markov Chain Monte TAP uses the MCMC techniques to fit transit light curves using the Mandel & Agol (2002) model which are calculated using EXOFAST (Eastman et al. 2013) . To estimate the parameter uncertainties, the wavelet-based technique of Carter & Winn (2009) is used to take into account timecorrelated noise. It has been shown that this approach provides the most reliable parameters and error estimates (e.g. Hoyer et al. 2012 ). The TAP code employs the quadratic LD law. For a reasonable comparison the modelling with JKTEBOP (MC and prayer bead) was also done with quadratic LD where the coefficients were kept fixed but their values were perturbed to ensure that this source of error was included in the results. TAP does not account for third light contribution. Therefore the additional flux from the contaminant was removed from the light curves before the modelling. The results of the comparison is shown in Table 9 . For the Kepler data JKTEBOP yield similar error estimates with its two methods except for the transit time which error seems to be underestimated by the residual shift algorithm. The error estimates for JKTE-BOP and TAP differ by factors of 1.2-1.6, 2.3-2.6, 1.0-1.2, and 1.2-1.4 for rA + r b , k, i, and Tc, respectively. Although it has been shown that the Monte Carlo or the prayer bead method may lead to underestimated uncertainties, the wavelet-based MCMC technique seems to overestimate the error bars. But this is only true when a small amount (∼zero) of correlated noise is present in the data (space-based-data). For the ground-based data this comparison is maybe not completely correct. More details on this issue can be found in Section 6.
Limb darkening
To determine the effect of the LD and its coefficients, 84 transits (Q0-Q3) were phase-folded and binned. After ap- plying a 2σ-clipping always 125 points were combined into one data point. Since we already reached a S/N ∼ 760 which is sufficient to derive LD coefficients (Csizmadia et al. 2013) we did not repeat the phase-folding with all 18 quarters. The resulting light curve is shown in Fig. 4 . Because of the very high S/N we could compare the observed LD coefficients with the theoretical predictions in the tables of Sing (2010) . The analysis was done with JKTEBOP with the quadratic LD law and the initial values from Table 4 . While fitting, most parameters were allowed to vary, only the LD coefficient were fixed to the values from Table 5 . The analysis was repeated with the linear law and a fixed LD coefficient of u lin = 0.558 (Sing 2010) . All parameters were fixed to the values of the previous fit except for the transit depth which depends on the LD. Fig. 5 shows the difference between the two approaches, Fig. 6 shows the residuals for clarity. The linear LD overestimates the depth of the transit while the quadratic law reproduces the observations. The deviations from a smooth curve in the fit suggest numerical errors of the model which is expected around the transit centre for almost all models based on numerical integration over the visible surface of the components as a result of the very different radii of the two components (Kjurkchieva et al. 2013) . Quantitatively, modelling the light curve with the quadratic LD yields an rms of 0.02 mmag while for the linear LD law the rms is 0.09 mmag, 4.5 times higher. In summary, the LD coefficients in the tables of Sing (2010) for the Kepler wavelength reproduces the observations if using the quadratic LD law but they fail if using the linear LD law. The analysis confirms the results of Southworth et al. (2007) . If the LD coefficients for the quadratic law were allowed to vary during the analysis the result is within the error bars consistent with the values of Sing (2010) (see Table 10 , first column).
System parameters
Since the fit with a linear LD law yields worse results, the system parameters were derived from the fit with quadratic LD. The result is given in vided in three parts. All transits of each part were modelled and then combined which gave a number of ∼40 combined transits. In the second step we fitted these combined transits simultaneously. The final results are given in Table 10 (second column). Our results using two different approaches are entirely consistent but the simultaneous modelling yields up to 6.5 times more precise values. Compared to the results of Southworth (2011) our results are even more precise by up to a factor of 9. 
Physical properties
The results shown in Table 10 allow us to calculate stellar, planetary and geometrical parameters. We used the values that were obtained by the simulations modelling using the TAP algorithm (column 2 in Table 10 ). By inserting the improved period (see the next section) into Kepler's third law we derived the semi-major axis a. The necessary masses were taken from Table 1 . We then translated the fractional radii into a true radius for star RA and planet R b and calculated the stellar and planetary density ρA and ρ b . From the stellar radius RA, the semi-major axis a and the orbital inclination i we calculated the impact parameter b. Simplified formulas for determining the surface gravity can be found in Southworth (2009) . For this purpose the radial velocity amplitude of O'Donovan et al. (2006) has been used. The eccentricity was set to zero. The equilibrium temperature of the planet, Teq, was derived assuming the effective temperature of the host star from Table 1 and using the relation in Hansen & Barman (2007) . In addition we calculated the Safronov number Θ (Safronov 1972) , which is proportional to the ratio of the escape velocity of the planet vesc and the orbital velocity v orb (Hansen & Barman 2007) . Basically it measures the efficiency with which a planet gravitationally scatters other bodies. This information plays an important role in the understanding of migration. The results of the calculations are summarized in Table 11 . Within the error bars all parameters are in agreement with the literature values. Although the system parameters could be determined with a very high precision, the results of the physical properties are not much better than the values in previous works. This is because of the usage of the literature values for the masses of star and planet as well as the temperature and the radial velocity amplitude which limits the final precision.
VARIATION IN SYSTEM PARAMETERS
Owing to the high S/N, with the observations of Kepler it is possible to determine the system parameters independently for each transit. Thus, any variation can be detected. Figs. 7-9 show i, rA + r b and k versus epoch. A summery of the parameters for all 435 Kepler transits can be found in Table 12 which is presented in its entiretly in the online version of this article. For each parameter, we did a weighted linear regression. While the analysis of Schröter et al. (2012) yields a slight inclination increase of ∆i = (8 ± 2) × 10 −5 • per epoch, we could not confirm their result. With our larger data set we found a value of ∆i = (0 ± 1) × 10 −5 • per epoch which is consistent with zero. The rms of our weighted linear fit is 0.05
• and the χ 2 = 428.9. The fitting of a constant inclination is satisfactory with reduced χ 2 close to 1, leaving no space for any other more complicated model. To compare our finding to the result of Schröter et al. (2012) we fitted their slope to our data. The resulting fit is slightly worse with χ 2 = 499.6. To test if we can reproduce the results of Schröter et al. (2012) with our method we repeated the weighted linear fit with the same 84 Kepler transits they used (Q0-Q3). We found ∆i = (16 ± 19) × 10 −5 • per epoch which is within our more conservative error bar consistent with zero but also consistent with the result of Schröter et al. (2012) . If we use only the first 84 transits we cannot confirm the reported slope but we also cannot completely rule out the result of Schröter et al. (2012) . But the larger timespan of 4 years gives tighter constraints on any variation. Using all the Kepler -transits for the fitting we found no evidence of an increasing inclination. For the sum of the fractional radii our analysis yields similar results as for the orbital inclination. The fit with an rms of 8.6×10
−4 gave a value of ∆(rA + r b ) = (1 ± 2) × 10 −7 1/epoch, meaning that no deviation from zero is noticeable. The transit duration D which was calculated from the orbital period, the inclination and the sum of the fractional radii also does not show any variation (∆D = (1 ± 4) × 10 −7 d perepoch). Only the radius ratio, hence the transit depth, shows an increase of ∆k = (3.2 ± 1.0) × 10 −7 1/epoch (rms of the fit 4.4×10 −4 ). This result is significant with 3.2 σ. To test if we can reproduce this result we repeated the calculation after removing all points that deviate more than 2 σ from the average of the k-values for all Kepler -transits. The weighted linear fit of the remaining 384 points yielded a slightly lower slope of ∆k = (2.7 ± 1.1) × 10 −7 1/epoch which is still significant with 2.5 σ. Since the k values are a result of the light curve analysis with JKTEBOP and a simple MC simulation it is likely that the uncertainties are underestimated. After rescaling the error bars with 1.08 (result only from Kepler -data; see Section 6) or 1.25 (maximum value of average β factor for ground-and space-based observations; see Section 6) the positive slope is still significant with 2.9 σ and 2.4 σ, respectively. Therefore a slight increase of the radius ratio seems to be evident. A possible explanation could be a change in the third light contamination which was kept fixed during the analysis. However, any change in the amount of additional light coming from a contaminant would not only affect the radius ratio but also change the sum of the radii and the inclination (Southworth 2010) . Since this is not the case, as shown above, the variability of the companion candidate can be ruled out. An increase of the radius ratio k means either an increase of the fractional planetary radius r b or a decrease of the fractional stellar radius rA. To test these hypotheses, the radii of star and planet were considered individually. Both rA and r b show no significant deviation from a constant value. Since k and rA + r b are directly fitted values and rA and r b are just derived from these parameters, any deviation may be lost in noise. In general, k is about two times more precise than rA + r b i.e. any variation will be first visible in the radius ratio. As we do not know a mechanism that could drive the increase of fractional planetary radius so fast (within the 4 years of Kepler data), it is more likely that stellar activity i.e. stellar spots could be responsible for changes of the average temperature, hence the effective stellar radius. To evaluate this scenario we estimated the spotted area on the TrES-2 host star. The positive trend in k could be translated into a decreasing luminosity of 0.28% within the observation period. This was transferred into a spot covered area assuming a constant stellar radius and a spot temperature of 4500K (compared to the temperature of 5795K of the G0V star). These calculations resulted in a change of the spot coverage of 0.44%. Note that no spot signature could be found in the Kepler transit light curves. To check if the values of the spot coverage are realistic we compared it to the 11 yr solar cycle. Foukal et al. (2006) determined the variation amplitude of the solar constant within the last three solar cycles to ∼ 0.90 W m −2 with an average minimum of 1365.52 ± 0.009 W m −2 . If translated to luminosity this yields a variation of 0.066%. This value is four times smaller than the one of the TrES-2 host star. Note that the last three solar cycles lie within the modern maximum. If we also consider the Maunder Minimum, a period of greatly reduced sunspot activity in the years 1645-1715, the luminosity variation can be as high as 0.2% (Lean 2000) which is comparable to the value of the TrES-2 host star. The luminosity variation of the Sun was translated into a spot covered area of 0.1% (0.34% including the Maunder Minimum). However, the Sun is known to be a magnetic very inactive star, i.e. it is near the bottom of the distribution of variability of solar-like stars (Radick et al. 1998 ). This means that it is likely that the TrES-2 host star could have a higher spot covered area. From spectroscopic observations and measurements of the chromospheric activity from the Ca II H and K lines Sozzetti et al. (2007) found a chromospheric emission ratio of log R ′ HK = −5.16 ± 0.15. This value implies a very low activity of the TrES-2 host star which would correspond to a very high age of t ∼ 8 Gyr. The TrES-2 host star shows an unusual high Li abundance as it is expected from a star at the age of 1-2 Gyr. Sozzetti et al. (2007) speculated on the possibility of a self-enrichment and stated that the age of 1-2 Gyr is just a lower limit. By comparing the directly fitted parameters from light curve analysis, that are related to the stellar density, and the effective temperature with stellar evolution models Sozzetti et al. (2007) gave a final age of 5.1 +2.7 −2.3 Gyr. The results imply that the TrES-2 host star is slightly older than the Sun and therefore less active. However, the spectra used in Sozzetti et al. (2007) were taken in 2006 and would not disagree with a changing stellar activity. The positive trend in the radius ratio indicates an increasing activity. Hence, it is likely that the activity level in 2006 was low. The Ca II H & K activity index for the TrES-2 host star of log R ′ HK = −4.949 found by Knutson et al. (2010) also strengthens the claim of an rising stellar activity. The increasing activity of the host star should also influence the out-of-transit light curve. Over the observation period of 4 years the brightness of the star should show a negative long-term trend. We could not find the brightness decrease of 0.3% that is expected from the luminosity change. Barclay et al. (2012) found in the light curve evidence for ellipsoidal variation, Doppler beaming and the reflection effect also did not mention any long-term trends. However, the data they used have been normalized to the median for each quarter individually. Hence any trend on time-scales longer than 90 d has been removed. The instrumental setup (the rotation of Kepler in every quarter) and the consequential systematics make it impossible to find the trend on the expected level in the unnormalized light curve. As there is no sign of stellar activity and rotation in the light curve, the long-term changes in spot coverage seem to be a plausible explanation. Abreu et al. (2012) investigated the Suns 11 year activity cycle, which is modulated on longer time-scales (e.g. the 88 yr Gleissberg and the 208 yr de Vries cycles). They computed the time-dependent planetary influence on a non-spherical tachocline of the Sun. In this manner Abreu et al. (2012) could reproduce long-term cycles of the solar activity. Although Cameron & Schüssler (2013) showed that there is no statistically significant evidence for an effect of the planets on solar activity, it has long been speculated that closein exoplanets can influence the stellar activity level (e.g. Poppenhaeger & Wolk 2014) . The long-term magnetic activity of the TrES-2 host star could be modulated by planetary effects. Since TrES-2 is a hot Jupiter, its host star could reveal activity cycles on different time-scales and with different amplitudes. To test the hypothesis it is necessary to spectroscopically and photometrically monitor TrES-2 and its host star for the next years to decades.
TRANSIT TIMING
For all 479 transits we determined the mid-transit time. The times have been converted from the simple Julian Date (JD) into a barycentric Julian Date based on the barycentric dynamic time (BJDTDB) using the online converter 3 by Eastman et al. (2010) . The downloaded data of the Kepler telescope (Q0-Q14) are already transformed to BJDUTC. Therefore the times only had to be corrected to BJDTDB with BJDTDB = BJDUTC + N + 32.184 s, where N is the number of leap seconds which have elapsed since 1961. In a recent Kepler data release (Kepler Data Release Notes 20, Thompson et al. 2013 ) all transit times have been corrected to the terrestrial dynamic time (TDB), i.e. all data from Q15 are already transformed to BJDTDB. To further enlarge the observational baseline we included publicly available ground-based observation in the transit timing analysis. Altogether we found 11 additional light curves in the literature: three in Holman et al. (2007) , two in Mislis & Schmitt (2009) , five in Mislis et al. (2010) , and one in Scuderi et al. (2010) . As already mentioned in section 3 for every light curve we used two different methods to determine the uncertainties of the transit times, a MC simulation and a residual permutations algorithm (prayer bead) to assess the importance of systematic errors. We always adopted the maximum of the MC and prayer bead errors as the final uncertainties as suggested by Southworth (2008) and done by other authors (e.g. Maciejewski et al. 2011) . Note that for the space-based data, where the light curves are expected to be less affected by red noise, the prayer bead method returns smaller error estimates than the MC method (see Table 9 ) and therefore we used the MC errors as the final ones. Since the observations cover a period of eight years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) and the very small uncertainties in the obtained values of the mid-time of the Kepler transits, we could improve the linear ephemeris using a weighted linear fit with all 490 transit times (equation 2, where E denotes the epoch; rms of the fit 1.31 min). This is consistent but 3.8, 3.7, and 8.0 times more precise than the results of Kipping & Bakos (2011 ), Southworth (2011 ) and Schröter et al. (2012 , respectively.
Tc(E) = (2453957.6354991 + E · 2.4706133738) d ±0.0000129 ±0.0000000187.
Using only the times of the Kepler transits for the determination of the ephemeris yields Tc(0) = (2453957.6354983 ± 0.0000130) d and P = (2.4706133749 ± 0.0000000188) d which is a teensy bit less precise. The inclusion of the long baseline of ground-based observation increases the precision of the orbital period as well as the time at epoch zero by a factor of ∼ 1.01. Fig. 10 shows the O-C diagram only for the 435 Kepler transits. To search for a periodicity in the O-C diagram of the Kepler transits we calculated a Lomb-Scargle periodogram (Lomb 1976; Scargle 1982) . The result, which is given in Fig. 11 , shows no significant periodicity. The false alarm probability (FAP) of this signal was determined empirically by a bootstrap resampling method. The O-C values were randomly permuted to the original epochs and then a Lomb-Scargle periodogram was calculated. This step was repeated 10 5 times. The FAP of the signal is given by the fraction of periodograms that produced higher power than the original data set. The highest peak (power of 6.6) shows a FAP of 62.8%. Within the Kepler data we could not detect any evidence for transit timing variations (TTVs). This result was used as a starting point for a detailed investigation of the reliability of the error bars. We assumed that all 435 Kepler measurements lie on the zero-line in the O-C diagram. Using the transit times that were obtained from the light curve analysis with JKTEBOP and a simple MC simulation the weighted linear fit resulted in a χ 2 of 507.7 which corresponds to a reduced χ 2 of 1.17. Repeating the analysis with the transit times from the light curve analysis with TAP and MCMC the fit yields a χ 2 of 252.6 (reduced χ 2 of 0.58). Because the χ 2 for the JKTEBOP analysis is closer to 1 than the χ 2 from the TAP analysis it is likely that the TAP error bars are overestimated. To obtain a reduced χ 2 of 1 the JKTEBOP error bars of the Kepler data have to be rescaled by a factor of 1.08. But this factor is only true for the space-based data where red noise is less important.
To account for time-correlated noise in the ground-based light curve we followed a procedure that was described by Winn et al. (2008) , called the "time-averaging" method. For every unbinned light curve we determined the standard deviation of the residuals σ1 for the best fit model. Then we averaged the time series into m bins of n data points, determined the best fit and calculated the standard deviation of the binned residuals σn. In the presence of red noise σn differs from the expected value in the case of Gaussian noise by a factor β:
For this analysis we used several time bins up to 15 min. For every light curve β was determined as the median of these factors for the different time bins. To test if the space-base light curves are affected by red-noise we calculated the β factor for all 435 Kepler light curves. This analysis yielded an average of β = 1.08±0.09 which is in excellent agreement with the value found by rescaling the error bars to obtain a weighted linear fit with a reduced χ 2 of 1. For the groundbased data we determined the β factor only for complete transits with a reasonable high number of data points (> 100 data points otherwise the binned light curve consists of too few points for the fitting). The β factors of the remaining 28 light curves showed a large scatter with βmin = 1.00 and βmax = 1.54 with an average of β = 1.25 ± 0.14. Instead of repeating all the analysis we rescaled the error bars with the factor of 1.25 (maximum of the average β factors of groundand space-based light curves) which seem to be resonable to take into account the quality of the ground-based light curves where conservative uncertainties are desirable. For the final analysis of the O-C, the transit times of Kepler and our ground-based data were combined. The resulting O-C diagram can be found in Fig. 12 . All transit times and O-C values are summarised in Table 13 (a full version of this table is available in the online version of this article). Despite the relatively low precision of some transits especially of partial transits (shown as open symbols with dashed error bars in Fig. 12 ), the transit times are within the error bars largely consistent with the updated ephemeris (reduced χ 2 of 1.05; 76.1% of the measurements within 1σ, 96.5% within 2σ, and 99.8% within 3σ). Especially, one of our latest ground-based data points, obtained with the Calar Alto 2.2-m telescope (epoch 739, filled circle in Fig. 12) , has a small error bar of ± 52 s and is fully consistent with the Kepler data. Only few data points of the ground-based observation deviate significantly from the zero-line. Especially the transit from 2007 May 3 (epoch 108) is off by 15 min. It seems that these points suffer from additional uncorrelated noise. At epoch 108, for example, we used a different observing mode (15 science images and three darks alternately without autoguiding). This resulted in jumps in the light curve that influenced the transit time. In most cases where we observed multiple transits with different instruments at the same epoch (i.e. epochs 163, 446, 448, 463, 622, 682, 684, 758 ) the transit-times are consistent with each other within the error bars. The only exception is the partial transit of epoch 737. The STK data point is consistent with the Kepler data but the CTK-II point differs slightly which is a result of the data point gap in the ingress due to technical problems. One data point from Mislis & Schmitt (2009) deviates from the zero-line by 11σ (marked by a circle in Fig. 12 ). But since only the fully reduced light curve could be downloaded the reasons for this deviation could not be investigated. To test the accuracy of the calculated ephemeris we removed all transit times that differ more than 2 σ from the zeroline and did a recalculation with the remaining 472 data points. We found Tc(0) = (2453957.6354987 ± 0.0000132) d and P = (2.4706133757 ± 0.0000000190) d which is consistent but slightly less precise than the values given in equation (2). The determination of the ephemeris seems to be robust against the outliers. Including all transit light curves in the Lomb-Scargle calculations again resulted in no significant periodicity as shown in the periodogram in Fig. 13 . The highest peak (power of 7.2) still shows a FAP of 11.0%. The transit times support variations neither on long (of the order of years, f < 0.01) nor on short (of the order of few epochs, f > 0.1) time-scales. Thus, we again confirm the conclusions of Kipping & Bakos (2011) and Schröter et al. (2012) with our larger data set.
CONCLUSIONS
Subject of this work was the combined analysis of seven years of ground-and space-based observations of TrES-2 to search for transit time variations. Since very high quality of the photometry is necessary for the identification of TTVs the data reduction, photometry (for our ground-based observations) and light curve analysis were always carried out in the same manner. TrES-2 lies in the field of view of the Scuderi et al. 2010] . The O-C was calculated with the ephemeris given in equation (2). If multiple transits per epoch are available the little numbers mark the following instruments (description in Table 2 ): (1) CTK, (2) RTK, (3) STK, (4) CTK-II, (5) MONICA, (6) ST6, (7) G2-1600, (8) Trebur, (9) Kepler, (10) CAFOS, (11) Toruń. Table 13 is presented in its entiretly as online-only material. A portion is shown here for guidance regarding its form and content. The uncertainties of the mid-transit times were rescaled with a factor of 1.25 (see text).
Epoch
Tc Kepler space telescope which offers the matchless opportunity to combine ground-based and space-based observations. In this work seven years of ground-based observations were analysed (light curves are given in Figs. 14 and 15) along with data of 18 observation quarters (Q0-Q17) of the Kepler space telescope. Altogether 490 individual transit mid-times were obtained and included in the calculations. The long observation period and the very small uncertainties (∼ 6 s) of the Kepler transit times allowed a very precise redetermination of the transit ephemeris. With our much larger data set we could achieve an at least 3.7 times better precision than previous studies. Kepler light curves we could determine the parameters of the TrES-2 system up to 15 times more precisely compared to previous works. From the system parameters we calculated the physical properties of the TrES-2 system. These are within the errors completely consistent with previous studies.
To search for changes in the system parameters only the Kepler transits were considered because of their unprecedented precision. We determined the parameters for each transit individually. The period of more than three years nearly continuous observations showed no statistically significant increase or decrease in the orbital inclination and the transit duration. Only the transit depth shows a slight increase which could be an indication of an increasing stellar activity. The change in spot coverage of 0.44% seems to be plausible compared to the solar cycle. We could not confirm the change of inclination predicted in previous publications. However, within the achieved precision a slight increase cannot be excluded. We found no evidence for a reoccurrence of the brightness drop 1-2 h after the transit ('dip') as the ones reported in Raetz et al. (2009) 
